isovalent. Thus, we observe that Ca(Fe 1−x Pt x ) 2 As 2 does not exhibit superconductivity.
Single crystals of Ca(Fe 1−x Pt x ) 2 As 2 (x = 0, 0.025, and 0.043) were grown using a self-flux method. Details of this method are given in Ref. 8 . Polycrystalline samples of Ca(Fe 1−x Pt x ) 2 As 2 (x = 0.06 and 0.08) were synthesized by a solid-state reaction.
9
Prescribed amounts of Ca, FeAs, Pt, and As powders or grains were mixed and ground.
The resulting powder was heated in an evacuated quartz tube at 700
• C for 3 h and then at 1000
• C for 72 h. The obtained samples were characterized by powder X-ray diffraction (XRD) and confirmed to be a single phase of Ca(Fe 1−x Pt x ) 2 As 2 . The Pt content x was determined by energy dispersive X-ray spectrometry (EDS); we used this value of x in the study. The maximum value of x obtained by the self-flux growth was approximately 0.043. The range of x could be extended up to 0.08 through a solidstate reaction. A single-phase sample with x greater than 0.08 was hardly obtained,
indicating that the solubility limit of Pt was at x = 0.08 in Ca(Fe 1−x Pt x ) 2 As 2 . We measured magnetization M using a SQUID magnetometer (Quantum Design). Fig. 2(a) . We expect that a structural phase transition occurs at T s ≃ T N , although T s and T N were hardly resolved from the M/H data. 11 A similar behavior of M/H was observed in the polycrystalline samples, as shown in Fig. 2(b) , although these samples show a tiny Curie tail at low temperatures, that is superposed with an almost temperature independent background (of approximately 2 × 10 −3 emu/mol), most probably due to tiny impurities in them. No sign of superconductivity is observed in the low-field magnetization (not shown). The electronic phase diagram of Ca(Fe 1−x Pt x ) 2 As 2 is obtained on the basis of this data, as shown in Fig. 1(b) . The antiferromagnetic transition temperature T N (as well as T s ) decreases with increasing x, as is generally observed in iron-based superconductors upon chemical doping. However, T N (and T s ) decreases at a slow rate, and the AFM phase remains intact until x attains the solubility limit at 0.08. Thus, superconductivity does not emerge in Ca(Fe 1−x Pt x ) 2 As 2 .
The difference in phase diagrams between Ni and Pt doped CaFe 2 As 2 is striking. Ni and Pt are isovalent, i.e., both have the same number of valence electrons. Therefore, it would be obvious to expect that Ni and Pt will dope almost the same amount of carriers, and thus, T N (and T s ) will decrease with Ni and Pt doping at an almost same rate; therefore, the chemical scaling will hold. Indeed, in the case of SrFe 2 As 2 , the AFM phase is suppressed at approximately the same doping level x = 0.07, for both Ni 6 and Pt. 9, 12 At present, the question why the scaling breaks down in Pt-doped CaFe 2 As 2 is, however, unanswered. In order to answer this question, further studies need to be conducted from the viewpoints of structural parameters, 13 disorder, 14 magnetic dilution, 15 and first principles.
16, 17
Finally, we note that a novel phase, β-Ca 10 (Pt 3 As 8 )(Fe 2−x Pt x As 2 ) 5 (x = 0.16), appears along with Ca(Fe 1−x Pt x ) 2 As 2 (x = 0.08), when we intend to substitute Pt beyond the solubility limit at x = 0.08. Interestingly, the former exhibits superconductivity at T c = 13 K, [18] [19] [20] whereas the latter does not, even though the Pt content of the Fe site is almost the same in both (8%). We expect the additional charge carriers (electrons) to be self-doped from the Pt 3 As 8 layers to the FeAs layers of β-Ca 10 (Pt 3 As 8 )(Fe 2−x Pt x As 2 ) 5 , although the compound is still in the underdoped region according to a Hall measurement. 18 Further attempt to increase Pt concentration yields α-Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 (x = 0.36), which exhibits superconductivity at a higher temperature of T c = 38 K. 18 The requirement of such a heavy doping of Pt to achieve superconductivity in α-Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 is consistent with the inefficiency of Pt in reducing the AFM phase of CaFe 2 As 2 .
In conclusion, we found that the substitution of Pt is ineffective in the reduction of AFM ordering as well as in inducing superconductivity in Ca(Fe 1−x Pt x ) 2 As 2 , and the chemical scaling of the electronic phase diagram breaks down. The Pt-doped CaFe 2 As 2 that does not exhibit superconductivity will, however, provide us an ideal opportunity to elucidate the role of chemical doping in the occurrence of superconductivity in ironbased materials.
